Objectives. The aim was to study work ability in patients with RA compared with the general population by investigating the rates and risks of long-term sickness absence, unemployment and disability pension, and the chance of returning to work and the changes in these risks over time (19942011).
Introduction
Two-thirds of patients with RA contract the disease when they are of working age [1] . This makes long-term sickness absence (LTSA), unemployment and early retirement some of the most important outcomes of the disease [24] , both for the patient and for society. Modern treatment strategies in RA have developed since the year 2000, involving close monitoring of disease activity and more aggressive treatment to achieve remission through the use of synthetic and biologic DMARDs [57] . In Denmark since 2000, these treatment strategies have been associated with decreased risk of LTSA both in the first year after RA diagnosis and in subsequent years [8] . However, the risk is still two to four times higher than in the general population [8] . A decrease in the risk of disability pension has recently been reported, but it is not known whether it merely reflected a reduction in disability pension in the general population [6] . The same uncertainties apply to the risks of unemployment and return to work for patients with RA.
The Danish labour market can be described as a flexicurity system, with high labour market participation, low formal employment protection and accessible social benefits [9] . During the time frame for this study, employees received sickness absence benefits or similar compensation from the municipality if they experienced sickness absence for >13 consecutive days (termed LTSA in this study). For the first 13 days, sickness absence benefits were paid by the employer or through a special public insurance (e.g. for people with chronic disease). Members of an unemployment insurance fund (80% of the work force) could receive unemployment benefits if they were unemployed but available for the labour market or were registered as sick during unemployment. People with no membership of an insurance fund could qualify for social assistance benefits, depending on the total household income [10] . Disability pension could be granted to Danish residents with limited workability, after detailed assessment by the municipality [10] . The retirement age was 65 years, but members of a voluntary early retirement programme (80% of the work force) had the option to retire by the age of 60 years.
Patients with chronic disease often shift back and forth between work, sick leave and unemployment, before they reach retirement or are granted disability pension. We have previously developed and validated a statistical multi-state model that can treat all shifts between work, LTSA, unemployment and disability pension [10] . The unique identification code given to each Danish citizen at birth allowed us to link data from a large number of national registries that are virtually complete. Our aim was, therefore, in patients diagnosed with RA between 1994 and 2011, to study all shifts between work, LTSA, unemployment and disability pension (see Fig. 1 ) and to calculate risks and the changes in these risks over time.
Methods

Data sources and patients
The data sources have been described in detail previously [8] . Briefly, we identified a total of 6677 RA patients of working age (i.e. 1859 years) from the nationwide DANBIO registry, a register on adult patients with inflammatory joint diseases (e.g. RA) [1113] , and from The Danish National Patient Registry (NPR) [14] . The age range was chosen owing to the possibility of early retirement benefits from the 60th birthday. The patients were matched by gender, age and size of resident city with 810 controls from the general population. The NPR was also used to identify co-morbidity, in combination with the Danish National Prescription Registry (PRESCRIBE) [8] .
We retrieved individual data on the work-related outcomes and job type from the Danish Register for Evaluation of Marginalization (DREAM), register, which provides weekly information on social transfer payments for all residents in Denmark (since July 1991). Data from these registers were linked through the central personal register number, a unique personal identifier given at birth to all Danish citizens. The study was approved by The Danish Data Protection Agency, journal number: 2015-41-3828. According to Danish law, no Research Ethical Board approval is needed for registry studies.
Primary outcome variables
The primary outcome variables were LTSA, unemployment, return to work and disability pension. Individuals receiving sickness absence benefit for at least 3 weeks were classified as being on LTSA. This definition was used because the sickness absence became registered in DREAM after 53 weeks of sickness absence, at which time the municipalities become responsible for managing the sickness absence cases [15, 16] . Also, we conducted supplemental analyses where LTSA was defined as 58 weeks. Individuals receiving unemployment benefits were classified as being unemployed. Persons receiving disability pension or working on special terms, such as flexible job, or receiving early retirement pension were classified as receiving disability pension. Those who did not receive any benefits were classified as working [10] . FIG. 1 The multi-state model showing all possible shifts between work, long-term sickness absence, unemployment and disability pension
The study period started on 1 January 1994, and followup ended on 1 April 2011.
Covariates
The following 11 variables were included in the statistical analyses (see Table 1 for details): RA, gender, age group, size of resident city, year of diagnosis, immigrant status, household composition, highest obtained education, physical job exposure, somatic and psychiatric co-morbidities. In addition, we corrected for seasonal variations seen in the risks of LTSA and unemployment. RA and year of diagnosis reflected the aims of the analysis. The other variables were chosen because we hypothesized that they could have an influence on the risk of LTSA, unemployment and disability pension. All variables except gender and immigrant status were treated as time-dependent variables, thus taking into account that individuals might change status during the period of observation [8] .
To control for co-morbid diseases that might potentially be competing causes of LTSA, we adjusted for 18 groups of chronic, somatic co-morbidities (cancer, thyroid diseases, diabetes, other endocrine, nutritional and www.rheumatology.oxfordjournals.org metabolic diseases, obesity, neurological diseases, chronic diseases of the ears, hypertension, chronic pulmonary diseases including asthma, cardiac disease, stroke, inflammatory bowel disease, diseases of the liver, diseases of the skin, kidney diseases, gynaecological diseases and transplantations) and 4 groups of psychiatric co-morbidities (dementia, substance abuse, anxiety and depression). These co-morbidities were selected by an expert panel before data analysis [8] .
Physical job exposure was estimated from job type using a job exposure matrix based on the Danish version of the International Standard of Classification of Occupations-88 [17, 18] . The job exposure matrix is described elsewhere [19, 20] . For the present study, physical job exposure was categorized into the following three groups according to estimated kilograms lifted per work day: 0, 15999 or 56000 kg/day [7] .
Multi-state model
The multi-state model used is a new and well-validated instrument from Danish occupational research [10, 15] that is built on a survival analysis model. In this study, it was used to analyse the nine shifts (possibly recurrent) between being at work, on LTSA, unemployed or finally leaving the labour market by receiving disability pension, respectively. The model is illustrated in Fig. 1 . We refer to the shifts as transitions (arrows at Fig. 1 , #1 to #9) and to the work-related outcomes as states. In the multi-state model, the participants can leave and re-enter work, LTSA and unemployment, which are thus transient states. In contrast, disability pension is an absorbing state, because the person is no longer at risk for further transitions [10, 15] . If a person shifted to other workrelated states (e.g. maternity leave or studying), he or she was considered temporarily out of risk. Subjects were censored if they died, turned 60 years of age, emigrated or reached the end of the observation period (1 April 2011), whichever came first. Based on person years (PY) and the number of events, we calculated the rates of the different transitions (events/1000 PY). The mean follow-up time per person was 6.95 years/person in the up to 17-year follow-up period.
The patients were included in the analyses when they were diagnosed with RA, and the matched controls appeared in the analyses at the same calendar time (date matched). A priori, our analyses assumed separate risks in the first year after diagnosis and in the subsequent years, so all results were calculated stratified by disease duration. Initially, analyses were performed separately for the two genders, but as the results were similar (data not shown), the final analyses were performed on the combined population, controlling for gender. We analysed the risk of LTSA for RF-negative and RF-positive RA patients separately and found no difference (data not shown). Thus, the two groups were combined in all analyses.
Initial analyses evaluated the number of PY in each state, the number of transitions to other states and the rate of each transition. In the multivariate analyses, the relative risks for each transition were estimated separately by calculation of hazard ratios (HRs) using the Cox proportional hazards model, controlling for all covariates. Thereafter, we analysed the HR of the transitions, stratified by three calendar time periods (199499, 200005 and 200611) , still controlling for all covariates. The 5-year group was chosen to measure the HR before the new treatment strategies were introduced, during the changes and after the modern treatment strategies were implemented in Denmark. A value of P < 0.05 was considered statistically significant. We present HRs with 95% Confidence Intervals (CI), and we corrected the results from the multi-state model for multiple testing using the BenjaminiHochberg correction [21] . SAS software version 9.2 of the SAS System for Windows, from the SAS Institute Inc., Cary, NC, USA was used for statistical analyses.
Results
Population characteristics
Most patients were female, and 74% were 4059 years of age at study entry (Table 1) . Age, gender, household status, level of education, physical job exposure and city size were largely similar between patients and controls, whereas more patients than controls were of Danish origin. Compared with the controls, more patients suffered from somatic but not psychiatric co-morbidities.
Rates of LTSA, unemployment, return to work and disability pension
For RA patients at work, the rate of LTSA (transition #1) was highest during the first year of diagnosis, that is, 24.5 times higher than for the controls (Table 2 and Fig. 1) . A similar pattern was observed for unemployment (#2). The unemployment rates were lower for RA patients than for controls, especially for the transition from LTSA to unemployment (#4), but also for work to unemployment (#3). However, the rates of return to work (#5 and #6) were also lower for RA patients, suggesting that the LTSA and unemployment periods for RA patients were longer than for controls.
Disability pension was most often granted to individuals who were on long-term sick leave (#8) and only rarely those who were working (#7) or unemployed (#9). This applied to both patients and controls. For all comparisons, RA patients had higher rates of disability pension (approximately 1.53 times increase) than controls. For the patients with RA, the rates of disability pension increased after the first year with the disease.
Risks of LTSA, unemployment, return to work and disability pension
In the first year after being diagnosed with RA, patients had approximately 4 times greater risk of LTSA compared with general population controls (HR = 4.00), and in subsequent years the HR was 1.84 (Table 3) . For unemployed RA patients, the HR of LTSA was 2.46 in the first year after diagnosis, decreasing to HR 1.62 in subsequent years. RA patients were compared with matched general population controls during follow-up. Numbers (19) correspond to the transitions in Fig. 1 . HR: hazard ratio; CI: Confidence Intervals
In the first year after diagnosis, the risk of unemployment was similar in RA patients and in controls (Table 3) . In subsequent years, patients with RA had a lower risk of unemployment (HR = 0.82). For RA patients on LTSA, the relative risk for unemployment was 0.42 in the first year after diagnosis and 0.62 in subsequent years.
The probability of returning to work from either LTSA or unemployment was lower for RA patients than for the controls (HR = 0.78 and 0.80, respectively). This was particularly pronounced for RA patients in the first year after diagnosis (HR = 0.60 and 0.77, respectively).
Patients with RA had a much higher risk for disability pension than had the controls. Thus, for patients at work, LTSA or unemployed, in the first year after diagnosis the HR of disability pension was 8.60, 1.52 and 2.36, respectively. In the subsequent years, the risk was even higher (HR = 12.20, 2.75 and 3.41, respectively; Table 3 ).
Changes in risk from 1994 to 2011
Overall, adjusted for changes in the background risk, our results showed a reduction in the HR of LTSA from 199499 to 200611, which was highly significant in patients at work with disease duration >1 year (HR decreasing from 2.25 to 1.63). No significant reduction was observed in patients with disease duration <1 year (Table 4) . No significant changes over time were seen in the HR of unemployment or for the HR of return to work from sickness absence or from unemployment.
For disability pension, a trend towards lower HRs was seen for all comparisons. A statistically significant Hazard ratio (HR) for RA patients diagnosed in three different time intervals, adjusted for risk in the background population. Numbers (19) correspond to the transitions in Fig. 1 . decrease was seen for the transition from work to disability pension in the first year after diagnosis (HR decreasing from 15.17 to 4.83). The risk of disability pension in the subsequent years after diagnosis did not change significantly for patients working during the period (HR >10). The risk of disability pension after LTSA decreased significantly over time, but remained high in patients with disease duration >1 year (HR decreasing from 3.49 to 2.40). The risk of disability pension after unemployment did not change significantly over time.
In supplemental analyses, defining LTSA as 58 weeks of sickness absence, results showed higher relative risk of LTSA for RA patients (HRs of LTSA from work were 6.13 in first and 2.62 in subsequent years of disease during the years 199499, decreasing to 4.67 and 1.75, respectively, during 200611), but the trends and all other results were unchanged (see supplementary Table S1 , available at Rheumatology Online).
Discussion
The main findings of the present study were that although the risk of LTSA and disability pension in patients with RA decreased between 199499 and 200611 compared with the general population, the risk remained high, both in early and in more established disease. Furthermore, RA patients were less likely to return to work after LTSA or unemployment, and this risk did not improve.
Our results showed that RA patients had a higher rate and HR of LTSA, especially in the first year after diagnosis, but also in subsequent years. This is in line with other studies that showed a dramatic increase in mean days of LTSA immediately after diagnosis [3, 4] . We extended these findings by showing that this applied both to patients who were at work and to patients who were unemployed before the LTSA.
Previous studies in the field have not been able to adjust for changes in work disability because of long-term societal or political changes. The multi-state analysis took all real work shifts and states in each individual into account, and also adjusted for the corresponding risks in the general population, thereby isolating the impact of RA per se on all outcomes (long-term sickness absence, unemployment, disability pension and return to work), controlling for background political and societal changes during the study period and also for regional changes in disability pension grants. In addition, we controlled for covariates that are known to influence work ability and work-related outcomes.
Our results expand previous findings in two descriptive studies, which reported a decrease in mean days of LTSA per year in established RA between 1995 and 2010 counteracted by an increase in mean days of disability pension per year [4, 22] . Another study showed a decrease in sick leave for RA patients and an increase in employed RA patients simultaneously [7] . We found that the relative risk of LTSA and from LTSA to disability pension decreased significantly from 1994 to 2011 in patients with more established disease (51 year since diagnosis). Owing to the study design, this decrease can be attributed to the RA diagnosis per se, that is, it was not attributable to societal changes. It may, at least in part, be associated with altered treatment strategies, for example, early and aggressive use of synthetic and biologic DMARDs. However, as the risk remained much higher than in the background population, our results show that there is an unmet need of initiatives to retain patients with RA in the workforce.
In our study, the rates and risks of unemployment for RA patients at work or absent because of sickness were similar to or lower than for the general population both in early and in more established disease. However, the DREAM register does not distinguish between a sicklisted employee and a sick-listed unemployed person until the sick-listed person reports himself or herself unemployed. Hence, our study may have underestimated the risk of unemployment from LTSA. It is possible that losing a job prolongs the sickness absence period and delays return to work [10] . Persons in the age range 5059 years may have chosen to wait for early retirement (possible from the age of 60 years) instead of applying for disability pension [10] . This is relevant because 40% of our population were in this age group at study entry.
The chance of returning to work from LTSA was markedly reduced for RA patients relative to the general population, especially in the first year after diagnosis. This may, at least in part, be explained by the registration bias mentioned above. Also, the chance of returning to work from unemployment was significantly lower, both in the first year after diagnosis and in the subsequent years. This significant impact of RA on the chances of returning to work was unchanged during the study period. To our knowledge, this outcome has not been investigated previously.
Our results showed that LTSA was the most common trajectory to disability pension for both RA patients and controls, and the relative risk for RA patients was high. The relative risk of shifting to disability pension from work was even higher, and the risk was also markedly increased for unemployed patients. The risk of disability pension in patients with RA of duration >1 year remain at least 2.5 times increased compared with the general population.
The present study was a large cohort study with up to 17 years of follow-up. Our population was retrieved from the national, high-quality databases DANBIO and DREAM. Our analyses included all the shifts made throughout the study period, so all results were relative to each other and controlled for all covariates.
A limitation of our study is that the Danish registers do not collect data on sick leave of duration <3 weeks. Thus, we were not able to estimate the total number of sick days for each patient. Also, the state of being at work included some unemployed people who did not receive benefits because they did not have unemployment insurance and did not qualify for social benefits because of large assets or high income of the spouse. However, this group is relative small in Denmark. Furthermore, the state of disability pension includes patients assessed to have limited workability but still able to work part time with government www.rheumatology.oxfordjournals.org support. This subgroup should be analysed in future studies. Finally, the results may also have been influenced by selection bias in the patient population, because our follow-up period starts in 1994, whereas DANBIO was founded in the year 2000. This means, that if there were RA patients between 18 and 59 years of age who died before the year 2000, they were not registered in DANBIO and were included in our study only if they were registered in NPR and identified among the controls. Such patients would be expected to have severe illness, and thus, our risk estimates for the period 199499 and the decrease in HR from 199499 to 200611 may have been underestimated [8] .
In conclusion, compared with the general population, RA patients remain at high risk for sickness absence and disability pension despite a positive trend between 1994 and 2011. Further improvements are likely to occur, if modern treatment strategies succeed in preventing chronic physical disability for RA patients. From the patient's and the rheumatologist's perspective, an important rehabilitation challenge is to improve the probability of returning to work for RA patients who are on long-term sick leave or unemployed.
